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Abstract
In this paper, we introduce an intelligent pace car in trafficflow for the purpose
of controlling vehicles that follows a pace car, and show that it is possible to
reduce the phantom traffic jam.
Pace car manages its velocity to control the following cars in traffic flow. The
management strategy of the velocity is acquired by reinforcement learning. We
employ the extended Nagel-Schreckenberg model which make the traffic flow
maximum. By introducing the learning pace car, we successfully achieves a
phase transition that shifts trafficflow fromcongestionphase tometastable phase.
First, we explain our proposed extended Nagel-Schreckenberg model, and
secondly, we defined the situation of congestion as the state space, to introduce
learning pace car by reinforcement learning approach. Third, though pace car
finally realizes the highest traffic flow, we evaluate the traffic loss during the pe-
riod of pace car?s control. Finally, through the loss evaluation, we show the
effectiveness of our approach to acquire the control strategy of pace car.
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??????1?????????
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30
5.1. ????
????????????????????????? tb??????????
??????? ta?????? tb = 400?ta = 200????????????? 
??? 3.6????NaSch????????????????? 0:18   < 0:50
???? 0:01????????
???????????????????????????????????
????????????????????????????????????
???????????????? t??????????
???????????????????????????? qa??????
?? 1?????????? 10000????????????????????
??? 30????????????????????????????????
??????????? 1????????????????????????
???????????????????
???????NetLogo 3:1:5???? [9]?
31
5.2. ????
5.2 ????
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?????0:41    0:49??????????????0:51  q  0:60?
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5.3. ???????
5.3 ???????
?????5.1?????????????????????????????
????????????????????????????????????
?????????????????????????????????????
??????????????????????? 5.2????????? 3??
????????????????????? = 0:25???????????
????????
 = 0:25???????????????????????????????
??? 5.3???????????? q = 0:84???????????????
? 5.4??q = 1:00???????????????? 5.5??q = 1:13????
???????????? 5.6???????? 5.4?? 5.5?? 5.6??????
???????????????????????????????
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5.3. ???????
Ti
m
e
Space?
?
? 5.3:  = 0:25?q = 0:74?????????????????????
Ti
m
e
Space?
?
? 5.4:  = 0:25?q = 0:84?????????????????????
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5.3. ???????
Ti
m
e
Space?
?
? 5.5:  = 0:25?q = 1:00?????????????????????
Ti
m
e
Space?
?
? 5.6:  = 0:25?q = 1:13?????????????????????
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5.4. ????
5.4 ????
???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????
 = 0:25????????? q = 0:84?????????? 5.7??q = 1:00
?????????? 5.8??q = 1:13?????????? 5.9???????
???????????????????????q = 0:74?????????
? 5.10????
? 5.7?????v = 1?????????? 0:36?v = 3?????????
? 0:04?v = 5?????????? 0:60?????? 5.8?????v = 2?
????????? 0:32?v = 3?????????? 0:04?v = 5??????
???? 0:76?????? 5.9?????v = 3?????????? 0:24?v = 5
?????????? 0:76?????? 5.10?????v = 0????????
?? 0:36?v = 1?????????? 0:04?v = 3?????????? 0:04?
v = 5?????????? 0:56?????
???(2.4)????????? V (t)??q = 0:84?? V (t) = 3:48?q = 1:00
??V (t) = 4:00?q = 1:13??V (t) = 4:52?????????? q = 0:74??
V (t) = 2:96?????
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5.4. ????
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?6? ??
6.1 ????????????????????
? 5.1???????????????????????????????0:18 
  0:40????????????????????????????????
????????????????????????????????????
??????????????
????????????????????  = 0:28????????????
????? q = 0:72?????????????????????? q = 1:14?
?????????(2.4)????????????????V (t)? 3:07! 4:07
??????
6.2 ????????
? 5.1?? 5.2?????????????????????????????
????????????????????????????????????
?????????????????????????? 5.4?? 5.5?? 5.6?
???  = 0:25????????????????????
? 5.4???????????????????? v0 = 1??????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
?????????????????? 5.4?????????????????
? (q = 0:75)???????????? = 0:25???????? q = 1:13???
????????????????????? ????????????? 5.2
?? 0:18    0:40???? 0:80  q  0:90???????????
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6.2. ????????
? 5.5???????????????????? v0 = 2?????????
????????????? 5.4?????????????????? 5.4??
????????????????????????????????????
?????? 5.4?????????????????????????????
???????????????????? 5.4???? 5.5????????
??????????????????????????? 5.5???????
(q = 1:00)?????
? 5.6???????????????????? v0 = 3?????????
???????????????? 5.6???????????????? 5.4?
????????????????????????????????????
???????????????????????????? 5.6??? 5.4??
??????????????????????????????? 5.9????
????????? v = 3?????????????????????????
?????????????????V (t) = 2:96??????????????
?????????????0:22    0:28????????????????
?????? 1:10  q  1:14???????
????????????????????????????????????
?????????????????????????????NaSch????
?????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
?????????????????????????
?????NaSch???????????????????????????
????????????????????????????????????
????????????????????????NaSch?????????
????????????????????????????????????
????????????????? v0 = 3??????????  > 0:28??
?????? v  2???????????????????? v0 = 2????
??????  > 0:33???????? v  1???????????????
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6.3. ?????NASCH???????
?????? v0 = 0???????????????????????????
??????????????????? v0 > 0??????????   0:41
???????????????????????
6.3 ?????NaSch???????
? 5.1?? 5.2??????????????????????NaSch???
?????????????????????????????????????
??????????????????? = 0:25?????????????
????????????? q = 1:13???????????????????
?? q = 1:25?????
? 6.1????????????????????
? 6.1??????? = 0:25??????????????????? v = 5
??????? 5.9???????????????????????????
??v = 5???????? 76%????????v = 3???????? 24%?
????????????????????????????????????
??????????????????
?????????????????????????????????? 3.2.3
?????????????????????????????????????
????????????? 3.2.3?????????????????????
????????????????????????????????????
????????????????????????????????????
??????????????????
????????????????????????????????????
????????????????????????????????????
?NaSch??????????? v0????????????????????
? Rv0 ??v0 > 1???? (6.1)????????
Rv0 = (v0   1) (6.1)
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6.3. ?????NASCH???????
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6.3. ?????NASCH???????
(6.1)???? = 0:25???? v0 = 3?????????????????
50%????v0 = 5?? 100%?????????????? = 0:25?????
??? v0 = 5?????????????????????????????
????v0 = 3???????????????? v = 5?????????
???v = 5????????????????????????? (6.1)???
100??????????????????? 2???????????????
??????????????????????? 50????????????
????????????????????????????????????
?????????? 50?????????
v0 = 3????????????????????????v0 = 3??????
????????????????????????v0 = 3??????????
????????????????????????????????????
????????????????????????????????????
???????????????????????????????
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?7? ?????????????
?????????
6???????????????????????????????????
?????????????????????????????????????
????????????????????????????????
7.1 ??????
?????? (jam cluster)???????????????????????
????????????????????????????????????
????????????????????????????????????
?????????????????????????? 7.1????
????????????????? 2????????? 2????????
?????????
7.1.1 ?????????
? 7.2?????????????????????????????????
???? 2????????????????????????
???? 7.3??????????????????????????????
????????? 2??????????????
???????????????????????????????????
???????????????????????????????
46
7.1. ??????
t1
t2
t3
Jam Cluster 1
Jam Cluster 2
Jam Cluster 2
Jam Cluster 1
Movement of Cars
? 7.1: ???????????
Jam Cluster 1 Jam Cluster 2
? 7.2: ????????????????
Jam Cluster 1
Jam Cluster 2
Jam Cluster 3
Jam Cluster 4
? 7.3: ??????????????????
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7.2. ???????????
7.2 ???????????
????????????????????????????????????
????????????????????????????????????
??????? 5????????????????????????????
??? 5??????5??????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
?????????
7.2.1 ??????????
???????????????????????????????????
??????NaSch???????????? p = 0????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????
???????????????????????????????????
???????
???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????? 7.4???????????
???????????????????? q????????????? 
????????????????????????????????????
????????????????????????????????????
???????
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7.2. ???????????
???????????????????????????????????
?????
?? s??? s????????? q?????????????????
????0:00  q  1:50????0:01??? 151?????????? sgoal
???????????????????
?? a??? a????????????????? vpacelimit????????
????? vlimit = 5 [??/????]?????????????????
??? 0  vpacelimit  5??????????
?? r????? sgoal????????????????????????
?????????????? r???????????????????
?????????????????????????????????
 
???? sgoal????????????? sgoal???????????
????? sjam????
 sgoal???????? r?????
 sgoal   0:2  q < sgoal???????????? r=2?????
 sjam < q < sgoal   0:2???????????? r=4????? 
????????????????????? ????????????
????????????? 0??????NaSch???????????
??????
?????????????????????????????? tinit??
???????????????????????????????? sinit
??????????????????????????????
??????? tmax?????????????????????????
??????????????????????????????????
??????????????? tmax?????????????????
??????????????????????????????????
???????? tmax = 5000????
???? T???????????????NaSch???????????
?? t?? t + 1???????????????????????????
??????????????????????????Q???Q???
???????????????????????????? T?????
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7.2. ???????????
?????????????????T??????N??????????
T > N???????????
?????????????????????????? 7.5????????
??? T?????? st? st+1??????
7.2.2 ??????????
???????????????????????????????
?????????
????????????????????? (???front?????)???
???????? (???behind?????)?????????????????
????????????????????????????????????
????????????????????????????
7.1??????????????????????????????????
?????NaSch?????????????????????????????
?????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
???5????????????????????????? behind????
???????????????????????????front???????
????????behind?????????????????????????
?????????????????????????
front??? behind?????? 7.6??????????????????
????????????????????????????????????
??????????????????????????????
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7.2. ???????????
L cells
Pacecar
Reward
Limited Speed of Pacecar
???
Traffic Flow
? 7.4: ???????????
 
Q(s ; a)????
???????????????
s????
while t  tb ???????????? t?????????
if t = tinit
???? sinit?????????????
else if t mod T = 0
Q(s ; a)???????? ????st ???? at ???
if st = sgoal OR t = tmax
???????
end if
else if t mod T = T   1
?? st+1???
Q(st ; at )  Q(st ; at ) + (r + max
a
(st+1 ; a)   Q(st ; at )) (7.1)
st  st+1
end if
 
? 7.5: ?????????????
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7.2. ???????????
Jam Cluster 1 Jam Cluster 2
behind frontMovement of Cars
? 7.6: ??????????
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?8? ?????
???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
?????????
8.1 ????
??????????????????????????
??????1?????????
??? L?100 [??]
???? vlimit?5 [??/????]
???? p?0:0
???? xi (0)????????
???? vi (0)???? 0???
?????? ?????????????????????????? 0?
?????NaSch??????????????????7.2.1????????
???? 0???????????????? tinit?????????????
8.2 ??1?????????????????????
6???????????????????????????????? p = 0?
 = 0:3????p = 0??  = 0:3???????????????q = 1:10??
??????????????????? 1500???????????????
???? = 0:03?????  = 0:90????????? -greedy? [13]???
???????  1000??  = 0:3?1000 <?????  1500??  = 0:0??
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8.3. ?? 2?????????????????????????
??
Q?????????? T?????? 1500?????????? 100???
???????????? 1500??????? 2000????????????
? T = 35????????????????????????????????
????
? 8.1??2000?????????????????????????????
? 50??????????????????????????????????
????????????????
? 8.1?????????????????????????????????
?????????????????1000?????????  = 0:3?????
?????????????????????????  = 0:0??? 1000??
????? 1500?????????????????????????????
???????????? 1500??????????????????????
????????????
8.3 ?? 2????????????????????
?????
????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
???
8.4 ????
?????? 8.2??????????? 1?????? = 1505??????
????????? T = 35????????????????????????
????????????
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8.4. ????
? 8.2?????????????????????????????????
??????????????????????????
???80??????????????????160???????????
??????????front??????? behind?????????????
????????????????????????????????????
????????????? 8.2?????????????????????
??????????????????????????????????front
???????
P160
step=80(flow
front
step   flowwithoutPaceCarstep )?? +4:83?behind???
?????
P160
step=80(flow
behind
step   flowwithoutPaceCarstep )???+7:53?????????
????????????????????
????????????????????????????????????
front???????????????????? front??? 130??????
behind?????? 160?????????????????????????
???????front??? 130   80? 50?????behind???? 160   80?
80?????????
?? [24]?????????????????????? 2????????
??? 121??????????? 3??????????? 91???????
????????????????? 1??????????????????
???????????????????????????????????
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8.4. ????
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?9? ??
?????8??????????????????????????????
??????????
9.1 ????????????????
????????????????????? 8.3?????????????
??? behind????? front??????????????????????
????????????????????????????????????
??????????????????????????????? behind??
???????????????????????????????????
???? 8.2????????????????????front??? behind?
???????????????????????????front???????
???????????????behind??????????????????
?????????????????????????????????????
????????????????????????? 9.1?? 9.2??????
?????????????5???????????????????????
??????????
? 9.1?? 9.2?????t = 80??????????? 2????????
???????t = 80??????????????behind?????????
80?front????????? 97????
behind???????????????????t = 80??????????
Cluster 2?? 9.1???????????????????behind??????
????????????????????? Cluster 2? 30?????? 110
?????????????t = 120????????????????????
????????????????????????????????????
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9.2. ???????????????
?????????Cluster 2???????????????????????
t = 120?????????????????????????????????
?????????????????????????????????
???front????????t = 80??????????Cluster 2?? 9.2??
???????????????????????????Cluster 2??????
?????????????????????????????????????
Cluster 2????????????????????????????????
??t = 115???????????????? 1??????????????
=0.3???????????????????????????????Cluster
2????????????????????????????????????
??
9.2 ???????????????
????????????????????????????????????
8.3????????????????????front????? behind???
????????????????????????????????????
??????????????????????????front????????
Cluster 2????????????behind???????????Cluster 2?
???????????????????????????????
front??????????t = 115????????????? 1?????
??????????????????NaSch???????????????
??????????t = 130???????????????????????
????
???????behind????????t = 115?????????????
?????????????????????????????behind????
t = 115??????????????????????q = 0:9???????
????q = 0:9??????????????????????t = 115????
?????????????????????????
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9.2. ???????????????
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????????????????????????????????????
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